1976. -In 11 anesthetized dogs with acute alloxan-induced pulmonary edema, we measured the protein composition of l-p1 samples of*plasma, free interstitial fluid, alveolar fluid, and airway fluid. We obtained plasma and airway fluid at regular intervals as edema developed. We sampled alveolar fluid by pleural micropuncture in the unfrozen, excised lung and free interstitial fluid from perivascular cuffs in the frozen, excised lung. The average (t 1 SD) total protein concentration of plasma was 4.9 t 0.6, airway fluid 4.4 + 0.7, free interstitial fluid 4.9 t 0.7, and alveolar fluid 5.2 * 0.8 g/100 ml. The average fractions of albumin were 0.42 2 0.05, 0.50 + 0.05, 0.49 t 0.06, and 0.49 -+ 0.07, respectively. By paired analysis, the protein concentration of interstitial fluid was not significantly different from alveolar fluid. The protein concentration of airway fluid was significantly less than that in interstitial and alveolar fluid. The albumin fraction of the three lung fluids was identical but significantly different from plasma.
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We conclude that in alloxan-induced pulmonary edema the lung fluids contain high concentrations of protein and the alveolar epithelial membrane becomes freely permeable to protein molecules. plasma protein; lung alveolar fluid; free interstitial fluid; airway fluid; albumin fraction; permeability; respiration; pulmonary edema; microcirculation IN THE NORMAL LUNG, the capillary membrane is somewhat permeable to protein (2, 3) , whereas the alveolar epithelial membrane is highly impermeable to protein (1, 4, 10, 13) .
In pulmonary edema, free fluid accumulates in the interstitium and, if the process continues, fills the alveoli and airways with a protein-containing fluid. Nitta and Staub (9) reported significant amounts of protein in both alveolar and airway fluids of cats and guinea pigs with ammonium chloride edema. Robin and co-workers (12) showed that in two patients with noncardiogenic edema the tracheal fluid protein concentration was 96% of the plasma level. Katz and co-workers (7) reported that in five patients with heroin pulmonary edema the protein concentration of airway fluid was 96% of the plasma level.
It is not possible to measure directly the protein composition of interstitial fluid in the normal lung because there is not enough free fluid available for sampling. In severe edema, it is possible to sample free interstitial fluid as well as alveolar and tracheal fluid.
In this study, we show that in dogs with alloxaninduced pulmonary edema the protein composition of alveolar and airway fluid is representative of free interstitial fluid.
METHODS
We anesthetized 11 dogs (lo-24 kg, avg 18 kg) with intravenous pentobarbital sodium (30 mg/kg), placed them supine, and performed a tracheotomy. We placed a glass cannula in the trachea, through which we ventilated the lungs with 100% 0, at a tidal volume of 15 ml/kg, using a positive-pressure ventilator (model 607, Harvard Apparatus Co., Inc. Millis, Mass.). We placed catheters in the femoral artery for measuring systemic blood pressure and in the femoral vein for injecting drugs and withdrawing blood samples every 15 min. After withdrawing a control blood sample we slowly injected alloxan (Eastman Kodak Co., RIochester, N. Y.) dissolved in saline (75-100 mg/kg).l After the dogs had developed edema as evidenced by the appearance of fluid in the trachea, we sampled the airway fluid through a catheter (PE-90) that was attached to a syringe and extended down the trachea to the level of the main stem bronchi. During the sampling of airway fluid, we did not ventilate the animal for 1 min. We obtained an average of four samples per animal at lo-min intervals.
We opened the chest via a midsternal incision and, with the lungs inflated to a pressure of approximately 20 cmH,O, clamped the hilar vessels of one lower lobe and quickly removed it. We removed the remainder of the lung and froze it in liquid nitrogen ( -196°C) .
Under a stereoscopic microscope (Zeiss, New York, N.Y.) we obtained alveolar fluid samples from the unfrozen lobe by directly puncturing the pleural surface with glass micropipettes having a beveled tip approximately 50 pm in diameter. We obtained the fluid samples either with the tip of the micropipette less than 1 mm below the pleural surface or by sucking the fluid into the micropipette as it oozed from the puncture site. The sample size was l-4 ~1. We obtained an average of 1 three samples from each lobe. Upon completion of the sampling, we froze the lobe in liquid nitrogen. In a cryostat (-30°C) (model 40, Harris Refrigeration Co., Cambridge, Mass.), we cut open the frozen lung tissue and removed blocks of tissues containing vessels and airways 1-5 mm in diameter. We used two different methods for removing the free interstitial fluid from perivascular and peribronchial cuffs. In the first method we removed the frozen cuff material with a pointed scalpel blade, transferred it to a 2-ml plastic storage beaker, and rewarmed it to room temperature.
In the second method the same piece of tissue was removed from the cryostat and placed in a chamber kept cold with Dry Ice. We placed the chamber under a stereoscopic microscope and melted the cuff material with a heated platinum wire. As the cuff material melted, we drew it onto one or more 2-11.1 pipettes (Drummond microcap, Drummond Scientific Co., Broomall, Pa.) and expelled it into a 2-ml beaker. The sample size was 2-4 ~1, and we sampled an average of five cuffs in each animal.
We measured the total protein concentration in duplicate l-p1 samples of plasma, cuff, alveolar, and airway fluids by the Lowry method. We determined the fractions of albumin and globulin by cellulose.acetate electrophoresis (microzone model III, Beckman Instruments Inc., Fullerton, Calif.). Because of limited sample size, we were able to determine albumin-globulin fractions in interstitial fluid of nine dogs and in alveolar fluid of five dogs.
Finally, we homogenized the lung and determined the extravascular water-to-dry weight ratio of the bloodfree lung by the method of Pearce (11).
The average group values -cl SD are summarized in RESULTS.
The paired data for each animal listed in the  table were statistically analyzed by the t test and P < 0.05 was accepted as significant.
RESULTS
Ten of 11 dogs developed pulmonary edema with frothy, clear fluid welling up in the trachea about 45 min after we injected alloxan. The remaining dog had alveolar flooding, but no tracheal fluid. About 1 h after the appearance of tracheal fluid, we opened the chest and removed the lungs.
The lungs were heavy and had dark red consolidations in the dependent parts. Both gross and microscopic examination revealed perivascular and peribronchial fluid (Fig. 1) . The cuffing was present throughout the lung, but greatest in the dependent portion and around the hilar vessels. The cuffs around the blood vessels appeared to be larger than those around airways of similar size. The frozen cuffs were whitish in appearance, and the melted fluid was clear and straw colored.
The frozen lung parenchyma was solid in appearance, characteristic of alveolar flooding. The alveolar fluid removed from the lobe before freezing was clear and colorless.
The paired data for each animal are shown in trotem plasma was 5.1 2 0.7 (average + SD) g/100 ml; this was not significantly different from the final plasma protein concentration (after opening the chest), which was 4.9 ? 0.6 g/100 ml.
There was no difference between the two methods of cuff fluid sampling so all the samples are grouped together. The total protein concentration of the free interstitial fluid was 4.9 + 0.7 g/100 ml, with a range of 3.6-6.0 for the individual animals. The total protein concentration of plasma was higher than interstitial fluid in 6 of 11 dogs. The total protein concentration of the alveolar fluid was 5.2 ? 0.8 g/100 ml, with a range of 4.1-6.7. The total protein concentration of alveolar fluid was greater than plasma in 8 of 11 dogs. The protein concentration of the airway fluid was 4.4 + 0.7 g/100 ml (range 3.4-5.4). In the individual dogs there were no significant differences in the protein concentration of sequential airway fluid samples. The total protein concentration of plasma was greater than airway fluid in 7 of 10 dogs.
There were no statistical differences between the total protein concentrations of plasma and interstitial fluid, plasma and alveolar fluid, or plasma and airway fluid. Likewise, there was no statistically significant difference between interstitial and alveolar fluids. However, the total protein concentration of airway fluid was significantly less than either interstitial or alveolar fluid. The albumin fraction in the control plasma was 0.46 2 0.05 and in the final plasma was 0.42 t-0.05. The fraction of albumin in the interstitial fluid was 0.49 t 0.06, in the alveolar fluid 0.49 t 0.07, and in the airway fluid 0.50 2 0.05. The difference in the albumin fraction was significant between plasma and each of the lung fluids; however, there was no significant difference among the lung fluids.
In the 11 dogs the average extravascular water-to-dry weight ratio of the blood-free lungs was 7.4 t 1.2, compared with 3.7 t 0.3 for two control dogs.
DISCUSSION
In severe alloxan-induced pulmonary edema, clear fluid appears in the alveoli and airways.
Fejfar and coworkers (5) and Gruhzit and co-workers (6) believed this was due tx> an increase in permeability of the capillary membrane to protein. If this is true, we would expect to see in our experiments high concentrations of protein in the lung fluids. Our findings confirm this expectation, as lung fluids contained large amounts of protein.
There were small differences in absolute protein concentration among the lung fluids. Some of these differences could be related to technical problems inherent in the methodology.
One of the most serious problems with the microsampling method was to obtain adequate sample sizes for protein analysis. This was particularly true in the first dogs studied. The cuff samples obtained by the chipping method looked to be of adequate size, but when the fluid melted there would often be an insoluble material in the bottom of the storage beaker. With the melting method to obtain cuff samples, the melted cuff material contained an insoluble, sticky substance, making it difficult to draw the fluid into the micropipette.
In some lungs, we also had difficulty obtaining alveolar fluid. The pipette would become plugged or, once the fluid was collected and stored in beakers, it would coalesce. When the sample size was limited, we used it for total protein analysis rather than electrophoresis.
The lung fluids were not sampled simultaneously. The airway fluid was sampled in the live dog, whereas the interstitial fluid was sampled in the excised, frozen lung. Most of the alveolar samples were obtained from the excised, unfrozen lung, but in three dogs we obtained alveolar fluid before death. In these the protein concentrations were the same as in samples taken later after lung removal.
The samples were obtained from different locations in the lung. The airway fluid was sampled from the large bronchi. Most of the interstitial fluid samples came from cuffs around the large hilar vessels; however, the alveolar fluid was from the alveoli immediately beneath the pleural surface.
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The alveolar fluid certainly includes fluid from alveolar ducts, as well as alveoli. If we consider the dog alveolus a sphere with a radius of 50 pm, it would be necessary to empty 2,000 alveoli to collect 1 ~1 of fluid.
How can we be sure we are sampling alveolar fluid and not interstitial fluid? We knew the pipette tip penetrated less than 1 mm into the lung, so we were sampling in the region of the outer few layers of alveoli. In the dog, the pleura is thin and the amount of loose interstitial connective tissue and septae is small, so the interstitial volume relative to alveolar volume is small. Also, in this region there are no large vessels and airways with cuffs, so contamination of alveolar fluid with free interstitial fluid is unlikely to be significant. Because of the limitations of the method used for obtaining alveolar fluid, we cannot be sure of the exact site from which the alveolar fluid came. We do feel the alveolar fluid is a reliable sample of fluid from the terminal respiratory unit as opposed to the interstitial or vascular compartments.
The protein content of the alveolar and airway fluids was statistically different, with the airway fluid protein being on the average 15% less than alveolar fluid. We are not sure why this difference is present. The airway fluid could be diluted by airway secretions low in protein or the alveolar fluid protein could be concentrated by reabsorption of fluid from alveoli. This could occur when the chest is opened because the pulmonary vascular pressures decrease relative to alveolar pressure, favoring fluid reabsorption back into the vascul .ar bed. A further fall in vascular pressure to zero occurs when the lungs are clamped.
The interstitial and alveolar fluids have nearly identical protein composition.
If the free interstitial fluid represents edema fluid early in the time course, its near identity with alveolar fluid suggests there was no progressive increase in v ,ascul ar permeability with time. Because interstitial and min frac tions, the al veol alveolar fluids have equal albuar membrane was very permeable to protein. In the normal lung, Taylor and Gaar (13) estimated an alveolar pore radi us of 6-l 0 A. Compared with the normal lung , in acute alloxan-induced edema the alveolar membrane must contain very large pores or holes. There were minor diffe rences between the protein concentration of alveolar and interstitial fluids, with the alveolar fluid tending to be higher. This could also be explained by reabsorption of fluid from the alveoli either when the chest is opened or when the lung is excised. More fluid would be absorbed from the alveoli than from the cuffs because the alveoli have a much higher surface area exposed to the capillary bed than do the cuffs. In three dogs we obtained samples of alveolar fluid in the living animal as well as from the excised lung. The average value for six samples obtained before death was 5.6 g/l00 ml compared with seven samples from the excised lung that averaged 5.7 g/100 ml. This finding is evidence that if reabsorption occurred it must have been related to opening the chest rather than excising the lung. Reabsorption of fluid from alveoli could also explain the slightly higher protein concentration of alveolar fluid compared with plasma.
We conclude that in alloxan-induced pulmonary edema, the protein composition of free interstitial fluid airway fluid to have a lower protein concentration than is essentially identical to that of alveolar fluid, indicatalveolar fluid, we feel that for practical purposes, such ing not only a change in pulmonary microvascular proas in the clinical situation, airway fluid is representatein permeability but also a marked change in alveolar tive of alveolar fluid. membrane protein permeability.
Because the albumin fraction between free interstitial fluid and alveolar fluid
